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Abstract  
In this study, we aimed to investigate the fracture toughness of the calcium 
phosphate (CaP) coating, that was formed with Vickers indentation method, by 
the new method with the new patent. The activation process was done with NaOH 
+ H2O2 on the Ti6Al4V material surface. Elasticity module, hardness values and 
coating thickness of the CaP coating that is formed by  activation process was 
calculated. SEM micrographs and EDS analysis were gathered of the coating.  
Fracture toughness was determined by Vickers indentation. At the end of this 
study, fracture toughness (K1C) value for the CaP coating on Ti6A14V that was 
activated by NaOH+ H2O2 was found to be   0.43 MPa m1/2. 
 
Keywords: Calcium phosphate, coating, vickers indentation, fracture toughness 
Ti6Al4V. 
 
1. INTRODUCTION 
Titanium alloy (Ti6Al4V) hip prosthesis is a material used in orthopedic implant 
production just as widely as bone plates and bone screws (Hench, 1991). 
Hydroxiapatite (HA) coatings are used in Ti6Al4V alloys in implant materials in 
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order to increase the biocompatibility. Phosphate based HA that forms the 
inorganic structure of the human bone and teeth is being used in dentistry since 
1970 [Li at all, 2002;  Kokuba at all, 1999). 
The most important property of HA is its excellent biological compatibility. HA 
forms a direct chemical bond with sclerenchyma. In placing the HA particles or 
posed blocks to bones; the new tissue forms in 4 to 8 weeks (Bajpai, 1990). HA 
pored structure, as the cells grow into the pores, helps the tissues grow into the 
implants. Also, acting as a canal system, pores in the HA structure help blood and 
other important body fluids reach the bone structure. HA has an absorption rate of     
5-10% a year. Studies show that HA implants are first covered with fibrovascular 
tissues, and the grown lamella in the tissue turns into bone (Yetkin, 2001). 
Osteoconductive properties of HA helps in attaching to the bone. Also HA is 
known to have powerful chemical bonding tendencies for bone proteins (Bajpai, 
1985). Body reactions are minimum because of the non-toxic properties of HA 
(Capello at all, 1997). There are many methods for HA coating. Kokuba et al. 
were the first to be able to coat HA on different biomaterials in synthetic body 
fluids (SBF) (Taş and Bhaduri, 1999). Tas by changing the values that are 
prepared by SBF, obtained calcium HA ceramic dust at the high chemical 
homogeneity and purity in pH 7.4 and 37 0C biomimetic conditions (Pasinli at all, 
2008).  
Different methods such as “R-curve” and “Indentation Fracture Toughness” (on 
Vickers hardness device) are used in determining fracture toughness. “Vickers 
Indentation” method is prefered, as it is easier for sample preparation and 
conduction of the study than the other methods (Neil, 1983; Kim and Kim, 1990). 
Zhang et al. (Zhang at all, 2008), Mohammadi et al. (Mohammadi at all, 2007) 
and Bharati et al. (Baharati at all, 2009), calculated fracture toughness values on 
hidroxyapatite flourated, plasma-sprayed and hydroxyapatite coatings on 
Ti6A14V, respectively by using Vickers Indentation method.  
In this study, CaP coatings were produced by patented two different activation 
processes including NaOH + H2O2 solutions (Pasinli at all, 2010). Elasticity 
modules, hardness values and coating thicknesses of the CaP coatings were 
measured. Fracture toughness values were calculated by using Vickers indentation 
method. It was concluded that coatings produced by the patented new method had 
higher fracture toughness values. At the end of this study, fracture toughness 
(K1C) value for the CaP coating on Ti6A14V that was activated by NaOH+ 
H2O2 was found to be   0.43 MPa m1/2. 
 
2. MATERIALS AND METHODS 
2.1. Preparation and characterization of the coatings 
 
Biocompatible CaP coatings were deposited onto Ti6Al4V as substrate dimension 
in                    10 x 10 x 1.2 mm. The chemical composition of titanium alloy is 
shown in Table 1.  
TABLE 1. Chemical composition of Ti alloy substrate (Pasinli at all, 2010) 
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Element (wt %) 
N  
C  
H  
Fe  
O  
Al  
V  
Y 
Others 
Ti 
0.0030 
0.0050 
            <0.0005 
0.1000 
0.0900 
6.2100 
3.8700 
           <0.0010 
           <0.3000 
Balance 
 
Firstly, Ti6A14V substrates were washed by detergent water, purified water, and 
lastly acetone. In activation process, purified materials were held in 100 mL  5M 
NaOH + 0.5 mL H2O2 (30%) solution and 100 mL 5 M NaOH solution in 60 0C 
for 24 hours, separately.  Then they were washed with purified water and dried in 
40 0C for 24 hours. In CaP coating process, implant materials pretreated in the 
solution that was prepared as pH 7.4 with lactic acid/lactate buffer according to 
SBF values as in Table 2. Meanwhile, fresh SBF fluid was emitted in with 
peristaltic pump 150 mg/day. At the end of the process, materials were washed 
with purified water and dried in 60 0C for 24 hours. 
 
TABLE 2. Preparation of 2.5 X Lac-SBF (total 2.5 L) (Pasinli at all, 2010) 
Reagents Amount 
(g) 
CaCl22H2O     
MgCl26H2O                                              
KCl   
NaCl   
Na2HPO42H2O  
Na2SO4 
NaHCO3 
Na-lactate (70-72%, d:1.375-
1.385) 
Lactic acid (1 M)                                     
2.2973 
0.7625                                                                           
0.9325                              
12.0533                                     
1.1125                                                    
0.1775                                               
5.6708                                            
10.4573   
                                                             
40.0 (mL) 
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XRD analyses were performed in order to characterize the coatings. SEM images 
and IR spectrums were obtained from the coated surfaces. Thicknesses of the 
coatings were measured by using optical microscopy and image analysis 
techniques.  
 
2.2. Mechanical properties  
In Vickers indentation technique, a certain load is applied onto coating surface by 
a diamond pyramid tip. Cracks form in the corners of the indentation track. 
Diagonal lengths of the mark and the size of the crack are measured and the 
fracture toughness is calculated with the help of Equation 1 (Ponton and Rawlings 
at all, 1989). 9.80 N of force was applied on the coating for 10 seconds by using 
HVS-1000 Digital Display Microhardness Tester as seen on Figure 1a. As a 
result, Vickers hardness value determined and the lengths of cracks were 
measured. The crack seen on Figure 1b appeared and the (C) distance of this crack 
was measured. Fracture toughness values of the coatings are calculated by using 
Equation 1 (Mohammadi at all, 2007; Baharati at all, 2009): 













2/3
2/1
C
P
H
E
K IC 
     (1) 
 
According to the Equation 1, P is load, E is Young’s modulus measured by using 
Shimadzu DUH-211 Dynamic Ultra Microhardness Tester, HV is Vickers 
hardness value and C is crack length (Figure 1b). The α value was taken from the 
literature as 0.016 (Dukino and Swain, 1992; Chen and Bull, 2006; Shikimaka and 
Grabco, 2008).  
 
FIGURE 1. (a) “P” Applied load on the coating and (b) “C” crack length at the 
coating. 
 
3. RESULTS AND DISCUSSION 
3.1. Characterization of the coatings 
The thicknesses of the CaP coatings on the Ti6Al4V substrates were measured as 
65 μm for NaOH + H2O2 activation processes. Figure 2 shows the SEM 
micrograph of coating surfaces treated and Figure 3 shows the existence of Ca, P, 
Ti and V elements on the coating composition determined by EDS analyses.  
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FIGURE 2. SEM micrographs of the CaP coating  
 
 
FIGURE 3.  EDS analysis of the CaP coating  
 
3.2. Mechanical properties 
Table 3 shows Young’s modulus and Vickers hardness values of the CAP 
coatings determined by using Shimadzu DUH-211 Dynamic Ultra Microhardness 
Tester and HVS-1000 Digital Display Microhardness Tester, respectively for 
NaOH + H2O2 activation processes. Additionally, average immersion depths and 
standard deviation values are shown on Table 3. 
TABLE 3. Young’s modulus and Vickers hardness of the coatings and average 
depth (μm) and standard deviation (μm) in ultra microhardness tests. 
Coating 
E 
(GPa) 
HV 
(GPa) 
Average(μ
m) 
Standard 
Deviation (μm) 
CaP coating on NaOH+H2O2 treated 
substrates  
5.26 1.18 17.04 1.61 
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 In Figure 4, the load-depth curves obtained by using Shimadzu DUH-211 
Dynamic Ultra Microhardness Tester can be seen for the NaOH + H2O2 
activation process.  
 
 
FIGURE 4. The load-depth curves of the CaP coatings on NaOH+ H2O2 treated 
substrate. 
Loads applied on coating materials with HVS-1000 Digital Display 
Microhardness Tester device and lengths of the resulting cracks (C) and calculated 
fracture toughness (K1C) values are shown in Table 4. 9.807 N load was applied 
on coating materials. The crack length (C) on CaP surface was 83.69 μm for 
NaOH + H2O2 activation processes.  
 
TABLE 4. Applied load, crack length and fracture toughness values of the 
coatings 
Coating P (N) C (μm) K1C  
(MPam1/2) 
CaP coating on NaOH+H2O2 treated 
substrates 
9.807 83.69 0.43 
 
Fracture toughness (K1C) values of the CaP coatings were calculated as 0.43 MPa 
m1/2 for NaOH + H2O2 activation processes by using Equation 1.  
On their studies, Mohammadi et al. and Bharati et al. have calculated the fracture 
toughness values of plasma-sprayed HA coatings on Ti6A14V substrates [13] and 
fracture toughness values of HA coating on Ti6A14V materials, respectively. 
Similar to ours, Zhang et al. have found the fracture toughness values (K1C) of 
HA flourideted coating on Ti6A14V substrate to be, ~0.12 MPa m1/2, ~0.26 MPa 
m1/2 and 0.31 MPa m1/2.   
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4. CONCLUSION 
As a conclusion, fracture toughness (K1C) values of the newly patented CaP 
coatings are determined as 0.43 MPa m1/2 for NaOH + H2O2 activation 
processes. At the end of this study CaP coatings on the Ti6Al4V substrates 
produced by new patented activation methods have higher fracture toughness 
values than that of the coatings of Zhang et al. 
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